Sirtuin 2 (SIRT2), a NAD + -dependent histone deacetylase, is involved in carcinogenesis and genomic instability and modulates proinflammatory immune responses. However, its role in renal inflammatory injury has not been demonstrated. In this study, we explored the expression patterns of CXCL2 and CCL2 in kidney tissue from Sirt2 2/2 and Sirt2 +/+ mice and in mouse proximal tubular epithelial (MPT) cells. CXCL2 and CCL2 were significantly downregulated at both the mRNA and the protein levels in kidneys of LPS-treated Sirt2 2/2 mice compared with those of LPS-treated Sirt2 +/+ mice. Furthermore, SIRT2 deficiency ameliorated LPS-induced infiltration of neutrophils and macrophages, acute tubular injury, and decrease of renal function. Supporting these observations, CXCL2 and CCL2 expression levels were lower in MPT cells treated with SIRT2-siRNA than in cells treated with control-siRNA, and adenovirus-mediated overexpression of SIRT2 in MPT cells significantly increased the LPS-induced expression of CXCL2 and CCL2 at the mRNA and protein levels. In addition, SIRT2 interacted with mitogen-activated protein kinase (MAPK) phosphatase-1 (MKP-1), and SIRT2-knockdown increased the acetylation of MKP-1 and suppressed the phosphorylation of p38 MAPK and c-Jun N-terminal kinase in LPS-treated MPT cells. SIRT2 also regulated p65 binding to the promoters of CXCL2 and CCL2. Taken together, these findings indicate that SIRT2 is associated with expression of renal CXCL2 and CCL2 and that regulation of SIRT2 might be an important therapeutic target for renal inflammatory injury.
Sirtuin (SIRT) is a family of NAD + -dependent histone deacetylases. There are seven known mammalian sirtuins, SIRT1-SIRT7. 1 Several nonhistone substrates of the sirtuins, such as p53, 2 NF-k-light-chain-enhancer of activated B cells (NF-kB), 3 Forkhead box protein O3 4 have been demonstrated. These sirtuins are involved in several age-related pathologies, diabetes, cancer, and neurodegenerative diseases. 1 Among SIRTs, SIRT2 plays important biologic roles in histone deacetylation, 5 tumorigenesis, 6 genomic instability, 7 and bacterial infection. 8 SIRT2 overexpression with PEP-1-SIRT2 suppresses inflammatory responses and reactive oxygen species-induced macrophage cytotoxicity. 9 Recently, investigators reported that SIRT2 helps regulate the inflammatory process in brain microglial cells. 10 Those authors have demonstrated that a decrease of SIRT2 potentiates the LPS and TNF-a-induced expression of proinflammatory cytokines, such as IL-6, macrophage activating 2 like, and IFN-g-induced protein 10, in brain microglial cells.
Renal inflammatory injury induces inflammatory cell infiltration through the regulation of chemokines. There are four subfamilies of chemokines: CCL, CXCL, CX3CL, and CL. 11, 12 Neutrophils are the target of CXCL chemokines such as CXCL2, also known as macrophage inflammatory protein (MIP)-2a. 12 Neutralization of CXC chemokines, including MIP-2, suppresses infiltration of neutrophils into the kidney after ischemiareperfusion injury and in the Shiga toxin type 2 and LPS-induced inflammatory models. 13, 14 A recent study showed that CXCL1/CXCL2 regulates the early phase of neutrophil recruitment in LPS-induced inflammation. 15 CCL2, also known as monocyte chemoattractant protein-1, plays a critical role in inflammatory renal injury via recruitment and activation of monocytes and macrophages. 16 Because an inflammatory effect of CCL2 is linked to renal inflammatory injury, downregulation of CCL2 can have beneficial therapeutic potential for renal injury. However, the biologic role of SIRT2 in CXCL2-and CCL2-induced renal inflammatory injury has not yet been reported.
LPS plays a critical role in renal inflammatory injury during sepsis. Mitogen-activated protein kinase (MAPK) is critically associated with the Toll-like receptor (TLR)-dependent signaling pathway. MAPK phosphatase-1 (MKP-1) suppresses the MAPK pathway by dephosphorylating phosphotyrosine and phosphothreonine residues and ameliorates TLR signaling. 17, 18 Acetylation of MKP-1 increases its phosphatase activity; thereby MAPK signaling is downregulated. 19 However, the relationship between SIRT2 and MKP-1-MAPK signal pathway remains to be clarified. On the basis of above findings, we investigated the roles of SIRT2 in LPS-induced renal expression of CXCL2 and CCL2 using in vivo and in vitro models. The results showed that a decrease of SIRT2 downregulates LPS-induced CXCL2 and CCL2 expression in kidney and mouse proximal tubular epithelial (MPT) cells. SIRT2 deficiency also ameliorated renal neutrophil and macrophage infiltration and urine neutrophil gelatinaseassociated lipocalin (NGAL) level while regulating MKP-1 acetylation-related p38/c-Jun N-terminal kinase (JNK) MAPK phosphorylation and CXCL2 and CCL2 expression.
RESULTS

SIRT2 Is Expressed in the Normal Renal Proximal Tubular Epithelial Cells
To evaluate whether SIRT2 protein is expressed in renal tubular epithelial cells in the normal kidney, kidneys of SIRT2-wild type (Sirt2 +/+ ) mice were coimmunostained with SIRT2 and Lotus tetragonolobus lectin (Lectin). SIRT2-positive renal tubule cells were observed and costained with Lectin, a proximal tubular epithelial cell marker ( Figure 1A ). SIRT2-positive renal tubule cells were not costained with aquaporin 2 (AQP2, a collecting duct marker) or Tamm-Horsfall glycoprotein (a marker of the thick ascending limb of the loop of Henle) (Supplemental Figure 1B) . Immunofluorescence staining data showed that SIRT2 expression was dramatically lower in the kidney of SIRT2-deficient (Sirt2 2/2 ) mice than in Sirt2 +/+ mice ( Figure 1A ).
LPS Increases Proximal Tubular Epithelial CXCL2 and CCL2 Expression in Sirt2 +/+ Mice Previous studies found that LPS increases CXCL2 expression in periglomerular renal tubules and that CCL2 expression is increased in mouse renal tubules after treatment with cisplatin. 15, 20 Immunofluorescence stain analyses revealed that immunoreactive CXCL2 and CCL2 significantly increased in the tubules in renal cortex after treatment with LPS compared with control buffertreated Sirt2 +/+ mice. The CXCL2-and CCL2-immunoreactive cells were costained with Lectin. However, there was a scanty expression of CXCL2 and CCL2 in glomeruli of Sirt2 +/+ mice after LPS injection ( Figure 1 , B and C). These data show that SIRT2 is expressed in the normal renal proximal tubular epithelial cells and LPS increases proximal tubular epithelial CXCL2 and CCL2 expression in wild-type mice.
Renal CXCL2 and CCL2 Expression Is Decreased in Sirt2 2/2 Mice after LPS Treatment Because SIRT2 is known to be involved in inflammation, an involvement of SIRT2 in CXCL2 and CCL2 expression was in the kidneys from Sirt2 2/2 mice were significantly lower than those in the kidneys from Sirt2 +/+ mice ( Figure 2 , E and F). We also found that renal CXCL2 and CCL2 mRNA expression in Sirt2 2/2 mice was significantly decreased compared with that in Sirt2 +/+ mice after LPS treatment ( Figure 2 , G and H). Taken together, these results suggest that renal CXCL2 and CCL2 expression is decreased in SIRT2-deficient mice after LPS treatment.
Decreased Renal Neutrophil and Macrophage Infiltration in Sirt2
2/2 Mice It is well known that CXCL2 and CCL2 play critical roles in neutrophil and macrophage recruitment, respectively. 12 We examined whether renal upregulation of CXCL2 and CCL2 is associated with infiltration of Gr-1-positive neutrophil and ER-HR3-positive macrophage in the kidneys using Sirt2 +/+ and Sirt2 2/2 mice. As shown in Figure 3 , LPS treatment significantly increased infiltration of neutrophil and macrophage in the kidneys of Sirt2 +/+ mice compared with the infiltration in Sirt2
mice. Deficiency of SIRT2 reduced the number of Gr-1-positive neutrophils and ER-HR3-positive macrophages in the kidneys by 76.8% and 57.0%, respectively ( Figure 3 , A-D). The LPS-induced increase of myeloperoxidase (MPO) activity, 21 a marker of neutrophil accumulation in the kidney, was also significantly lower in Sirt2 2/2 mice than in Sirt2 +/+ mice ( Figure 3E ).
SIRT2 Deficiency Ameliorates LPS-Induced Acute Tubular Injury and Decrease of Renal Function
Because urinary NGAL is known as a tubular injury marker, we evaluated the NGAL level in urine. LPS treatment increased urine level of NGAL in Sirt2 +/+ mice. However, the LPS-induced increase in NGAL level among Sirt2 2/2 mice was significantly smaller than that in Sirt2 +/+ mice ( Figure 3F ). To define the role of SIRT2 in renal function, we measured the GFR by inulin clearance in Sirt2 2/2 and Sirt2 +/+ mice after LPS treatment. SIRT2 deficiency significantly attenuated the LPS-induced decrease in the inulin clearance 18 hours after LPS treatment ( Figure 3G ).
Knockdown of SIRT2 Suppresses LPS-Induced Expressions of CXCL2 and CCL2 in MPT Cells
To further ensure the effect of SIRT2 knockdown on LPSinduced CXCL2 and CCL2 expression, MPT cells were transiently transfected with SIRT2-small interfering RNA (siRNA) or control-siRNA and treated with LPS. SIRT2-siRNA transfection significantly decreased the SIRT2 mRNA expression in MPT cells (Supplemental Figure 2A) . Quantitative real-time RT-PCR (qRT-PCR) analysis data showed that CXCL2 and CCL2 mRNA expression in SIRT2-siRNA-treated MPT cells was significantly reduced when compared with the control-siRNA treated group at 1 hour after LPS treatment (Supplemental Figure 3 , A and D). ELISA analyses also showed that LPS-induced CXCL2 and CCL2 expression after transfection with SIRT2-siRNAwas significantly lower than control-siRNA (Supplemental Figure 3 , B and E).
We further examined whether SIRT2 regulates CXCL2 protein production and release from MPT cells after LPS treatment. After transfection of MPT cells with SIRT2-siRNA or controlsiRNA, the level of CXCL2 protein in cell culture media was measured by ELISA at 1, 3, and 6 hours after LPS treatment. We found that the level of CXCL2 protein in the culture media of SIRT2-siRNA and control-siRNA transfected cells was gradually increased with time after LPS treatment. However, LPS-induced increase of CXCL2 release from SIRT2-siRNA transfected cells was substantially lower than that from control-siRNA transfected cells (Supplemental Figure 3C ).
SIRT2 Overexpression Increases CXCL2 and CCL2 Expression in LPS-Treated MPT Cells
To further examine the involvement of SIRT2 overexpression in CXCL2 and CCL2 expression in vitro, SIRT2 was overexpressed in MPT cells by infection with SIRT2 overexpressing adenovirus (Ad-SIRT2) or control adenovirus (Ad-control). The expression of SIRT2 was significantly higher in MPT cells transfected with Ad-SIRT2 than in that of Ad-control (Supplemental Figure 2B ). qRT-PCR data showed that CXCL2 and CCL2 mRNA expression in MPT cells incubated with Ad-SIRT2 was significantly increased compared with that with Ad-control at 1 hour after LPS treatment (Supplemental Figure 4 , A and D). The protein levels of CXCL2 and CCL2 in Ad-SIRT2-transfected cells were also significantly higher than those in Ad-control-transfected cells (Supplemental Figure 4 , B and E). We further evaluated whether SIRT2 overexpression regulates CXCL2 protein production and release from MPT cells after LPS treatment. After transfection of MPT cells with Ad-SIRT2 or Ad-control, the level of CXCL2 protein in cell culture media was measured by ELISA at 1, 3, and 6 hours after LPS treatment. We found that the level of CXCL2 protein in the culture media of Ad-SIRT2 and Ad-control transfected cells was gradually increased with time after LPS treatment. However, CXCL2 release from Ad-SIRT2-transfected cells at 1 hour after LPS treatment was substantially higher than that from Ad-control-transfected cells (Supplemental Figure 4C) . Our results suggest that SIRT2 regulates LPS-induced expression of CXCL2 and CCL2 in MPT cells.
SIRT2 Regulates Expression of Proinflammatory Cytokines
To further analyze the regulatory role of SIRT2 in inflammatory response, we investigated the expression of proinflammatory cytokines-TNF-a, IL-1b, IL-6, IL-12, and regulated upon activation, normal T cell expressed and secreted (RANTES)-in the kidneys and serum of Sirt2 2/2 and Sirt2 +/+ mice. ELISA data showed that after LPS treatment, the kidneys of Sirt2 +/+ mice showed significantly greater expression of TNF-a, IL-1b, and IL-6 than the kidneys of Sirt2 2/2 mice (Figure 4 , A-C). ELISA data also demonstrated that at 3 and 6 hours after LPS injection, the serum levels of TNF-a, IL-1b, IL-12, and RANTES were significantly lower in Sirt2 2/2 mice than in Sirt2 +/+ mice (Figure 4 , D-G).
LPS-Induced CXCL2 and CCL2 Expression Is Regulated by TLR4 Signaling
The increase of MKP-1 acetylation has been shown to suppress TLR-dependent MAPK signaling. 19, 22 We examined whether expression of CXCL2 and CCL2 depends on TLR4 receptor using transgenic mice carrying wild-type TLR4 (C3H/HeN) and mutant TLR4 (C3H/HeJ), which is an inactive form of TLR. Immunohistochemical data showed that LPS-induced CXCL2 and CCL2 expression was dramatically decreased in the kidney of C3H/HeJ mice compared with those in C3H/HeN mice ( Figures 5, A-D) . Data from qRT-PCR analysis showed that levels of CXCL2 and CCL2 mRNA expression in C3H/HeJ mice were significantly decreased compared with the levels C3H/HeN mice after LPS treatment ( Figure 5 , E and F).
SIRT2 Interacts with MKP-1 in MPT Cells
Acetylation of MKP-1 regulates inflammation. 23 Therefore, we determined whether SIRT2 physically interacts with MKP-1 using MPT cells transfected with Ad-SIRT2 or Ad-control. To address this issue, we immunoprecipitated MKP-1 from the Ad-SIRT2-and Ad-control-transfected MPT cell lysates and immunoblotted precipitants for SIRT2. The results revealed that SIRT2 could be detected in the anti-MKP-1 antibody immunoprecipitation after Ad-control transfection. The level of SIRT2 protein coimmunoprecipitated by the MKP-1 antibody was significantly higher with SIRT2-overexpressing MPT cells than the level with control MPT cells ( Figure 6A ). These data indicate that SIRT2 directly interacts with MKP-1 in MPT cells.
SIRT2-Knockdown Increases MKP-1 Acetylation and Suppresses MAPK Signaling
In the next experiment, we evaluated whether acetylation of MKP-1 increases in SIRT2-knockdown or SIRT2-overexpressed 
SIRT2 Regulates p65 Binding to CXCL2 and CCL2 Promoter
The promoter region of CXCL2 contains binding sites for p65 of NF-kB. 24 To evaluate whether SIRT2 regulates p65 binding to CXCL2 and CCL2 promoters, we performed chromatin immunoprecipitation (ChIP) assays on CXCL2 and CCL2 promoters using MPT cells treated with SIRT2-siRNA or Ad-SIRT2. LPS-elicited p65 binding to the CXCL2 and CCL2 promoters was significantly reduced in SIRT2-siRNA cells (Figure 8 , A and C). Supporting the data, p65 binding to the CXCL2 and CCL2 promoters was significantly increased in SIRT2 overexpressed cells ( Figure 8, B and D) . Immunoprecipitation with a nonspecific antibody (normal rabbit IgG) did not amplify the DNA fragments. These data demonstrate that SIRT2 regulates p65 binding to CXCL2 and CCL2 promoters.
DISCUSSION
SIRT2 is involved in several pathologic conditions, such as neuronal disease, cancer progression,cellcycleregulation,anddiabetes.
There are a few reports about the effects of SIRT2 on inflammatory response: SIRT2 displays an anti-inflammatory effect on bacterial infection and plays a suppressive role in brain microglial cell activation and microglial-induced neuronal toxicity through regulation of NF-kB. 8, 10 In this study, we demonstrated that deficiency of SIRT2 is crucially associated with LPS-induced renal inflammation. In particular, SIRT2 regulated inflammatory signaling through the MKP-1 and MAPK axis. This observation differs from the findings with brain microglia cells, in which an increase in SIRT2 reduced neuronal toxicity caused by microglial activation. We also found that SIRT2 protein expression level in the brain was higher than that in the kidney in SIRT2-wild type mice (data not shown). Thus, SIRT2 might have different effects on inflammation depending on the inflammatory model, organ, and signaling pathway.
CXCL2 expression in proximal renal tubular cells has also been observed in ischemic renal injury. 25, 26 CXCL2 could be a potential target molecule in the treatment of inflammatory injury. Treatment with a neutralizing antibody against CXCL2 ameliorates renal injury by decreasing neutrophil accumulation in the ischemic kidney. 13 Dextran sodium sulfate-colitis-induced AKI is reduced in CXCR2 (receptor of CXCL2) knockout mice. 27 In this study, our data demonstrated that LPS-induced CXCL2 expression in the renal proximal tubular epithelial cells was significantly decreased in SIRT2-deficient mice. These finding suggest that SIRT2 regulates renal CXCL2 expression induced by LPS.
Neutrophils are inflammatory cells that infiltrate the initiation sites of inflammation and play an important role in innate immune responses. Chemokines act as chemoattractants for neutrophils in acute inflammation. Among CXCL chemokines, CXCL2 is also involved in the infiltration of neutrophils. CXCL1 and CXCL2 are linked to the early stage of neutrophil recruitment induced by LPS. 15 As neutrophils are involved in the early phase of inflammation, chemokines such as CXCL2 are usually associated with the early period before recruitment of neutrophils into the inflammatory sites. Thus, downregulation of CXCL2 can be a new avenue to treat or prevent LPS-induced inflammation. Neutrophil infiltration was suppressed in CXCR2-knockout mice in the dextran sodium sulfate-colitis-induced AKI animal model. 27 In this study, we found that expression of LPS-induced CXCL2 increased at 3 hours (Figure 2 ). Sirt2 2/2 mice also showed significantly less LPS-induced renal MPO activity 3 hours after LPS injection than Sirt2 +/+ mice ( Figure 3 ). Together, these data suggest that SIRT2 regulates CXCL2 in the early stages of LPSinduced renal inflammatory response.
CCL2, also known as MCP-1, plays a critical role in inflammatory renal injury via recruitment and activation of monocytes and macrophages. 16 Therefore, downregulation of CCL2 could have beneficial therapeutic potential for renal injury. Our data showed that SIRT2 deficiency in mice or MPT cells resulted in a significant decrease in CCL2 expression after LPS treatment. Our immunofluorescence data demonstrated that ER-HR3-positive macrophage or monocyte infiltration at 72 hours after LPS administration was significantly decreased in Sirt2 2/2 mice compared with Sirt2 +/+ mice ( Figure 3 ). Therefore, a decrease in SIRT2 exerts anti-inflammatory effects in the kidney through CCL2 signaling.
Our present study on signaling mechanism of LPS-mediated inflammation revealed that LPS-induced p65 binding to CXCL2 and CCL2 promoter was decreased in SIRT2 knockdown MPT cells. The data demonstrate a potential to increase our understanding of the epigenetic mechanism of SIRT2 in inflammatory kidney diseases. MKP-1 displays a regulatory effect on the phosphorylation of p38 MAPK in TLR signaling. 22 An increase in MKP-1 acetylation generated by histone deacetylase inhibition decreases MAPK signaling. 19 In this study, the results showed that MKP-1 acetylation increased in SIRT2-knockdown MPT cells and decreased the phosphorylation of p38 related to TLR signaling. However, further studies are needed to more precisely ascertain the role of SIRT2 in regulating the inflammatory signaling pathways associated with inflammatory kidney injury. Our findings suggest that downregulation of SIRT2 be introduced as a new avenue to treat or prevent LPS-induced renal expression of CXCL2 and CCL2.
CONCISE METHODS
Animal Experiments
Sirt2
+/+ and Sirt2 2/2 mice were purchased from Jackson Laboratory (Bar Harbor, ME). C3H/HeN and C3H/HeJ mice were purchased from Japan SLC, Inc. (Shizuoka, Japan). Sirt2 2/2 mice are fertile and develop normally. At 1 and 2 months of age, Sirt2 2/2 mice show no overt phenotypic abnormality. There were no significant differences in kidney weight, kidney morphology, kidney histopathology, body temperature, or body weight between Sirt2 +/+ and Sirt2 2/2 mice (data not shown). All animals were fed a standard normal diet ad libitum with free access to water. Male mice 7-8 weeks old were used for this study unless otherwise specifically indicated. The Institutional Animal Care and Use Committee of Chonbuk National University reviewed and approved the animal studies. Control buffer and LPS were injected intraperitoneally. At 1, 3, 6, 18, and 72 hours after injection of control buffer or LPS, mice were anesthetized with ketamine (100 mg/kg) and xylazine (10 mg/kg) and euthanized by cervical dislocation. Kidney, urine, and blood were harvested.
Immunofluorescence
Immunofluorescence staining was performed as described previously. 28 Anti-SIRT2 (Abcam, Inc., Cambridge, MA), anti-AQP1 (Santa Cruz Biotechnology, Santa Cruz, CA), anti-AQP 2 (Santa Cruz Biotechnology), anti-Tamm-Horsfall glycoprotein (MP Biomedicals, Verona, Italy), anti-Gr-1 (BD Pharmingen Bioscience, San Diego, CA), anti-ER-HR3 (BMA Biomedical, Augst, Switzerland), and FITC-labeled Lotus tetragonolobus lectin (Vector Laboratories, Burlingame, CA) were used for frozen sections of mouse kidney. 29, 30 Secondary Alexa Fluor 488-or Alexa Fluor 555-conjugated antibodies against rat, rabbit, or mouse immunoglobulins (1:1000; Invitrogen, Carlsbad, CA) were used to visualize antigen-antibody complexes. Nuclei were stained with 49, 6-diamidino-2-phenylindole. Digital images were obtained using a Zeiss LSM 510 confocal microscope (Carl Zeiss, Göttingen, Germany).
Immunohistochemistry
Immunohistochemistry was performed as described previously. 31 Kidney sections were incubated overnight with primary antibodies against CCL2 (Fitzgerald, Acton, NJ) or CXCL2 (LifeSpan BioSciences, Seattle, WA). Visualization was achieved using 3-amino-9-ethyl carbazole high-sensitive substrate chromogen (Dako, Carpinteria, CA) chromogenic substrate. The positive area of CCL2 and CXCL2 was evaluated from the unit area (0.45 mm30.45 mm) and expressed as a percentage per unit area using a digital image analysis program (AnalySIS, Soft Imaging System, Münster, Germany).
ELISA
Levels of CCL2 and CXCL2 in supernatant from MPT cells and kidneys were assessed using ELISA kits. 32 The CCL2 ELISA kit from Invitrogen and the CXCL2 ELISA kit from Abcam, Inc. were used to determine these chemokines according to the manufacturers' instructions. Mice were injected with LPS (10 mg/kg) and euthanized after 3 and 6 hours. Kidney tissue was homogenized and supernatants were used to determine levels of TNF-a, IL-1b, and IL-6. Plasma samples were collected by cardiac puncture and serum was used to evaluate levels of TNF-a, IL-1b, IL-12, and RANTES by multiplex ELISA (EMD Millipore, Billerica, MA) in accordance with the manufacturer's guidelines.
Inulin Clearance
To measure GFR, inulin clearance was performed as described previously. 33 
Measurement of MPO Activity
Neutrophil sequestration in the kidney was quantified by measuring tissue MPO activity as described previously. 34 Briefly, tissue samples were homogenized in 20 mM phosphate buffer (pH, 7.4) and then centrifuged at 13,000 g for 15 minutes at 4°C. The resulting pellets were suspended in 50 mM phosphate buffer (pH, 6.0) containing 0.5% vol/vol hexadecyltrimethylammonium bromide (Sigma-Aldrich, St. Louis, MO). The suspension centrifuged (15,000 g, 20 minutes, 4°C) and the supernatant was used for the MPO assay. The total incubation volume was 300 mL. Incubations were 10 minutes at room temperature. The absorbance was measured at 450 nm. Results were expressed as units of MPO per milligram protein.
Urine NGAL Concentrations
Urine samples were obtained from the mice at 3 hours after the LPS or control buffer treatment, and the concentration of urine NGAL was determined using a commercially available ELISA kit (R&D Systems, Minneapolis, MN) in accordance with the manufacturer's instructions.
Cell Culture
MPT cells, an immortalized proximal tubular epithelial cell line from mice, were cultured in a-MEM medium supplemented with 10% FBS and antibiotics (100 U/ml penicillin G, 100 mg/ml streptomycin, and 0.25 mg/ml amphotericin). MPT cells were generously provided by Professor Lloyd G. Cantley (Yale University School of Medicine, New Haven, CT). LPS was purchased from Sigma-Aldrich, AGK2 from Tocris (Bristol, United Kingdom), AK-1 from Calbiochem (San Diego, CA), P38 inhibitor, SB 203580, and JNK inhibitor, SP600125 from Sigma-Aldrich.
Transfection of siRNA-Targeting SIRT2
MPT cells (5310 5 cells/dish) were plated in 6-cm dishes and allowed to grow overnight. Both siRNA (100 pmol; Dharmacon ON-TARGETplus SMART pool, Dharmacon Inc., Lafayette, CO) and 10 ml Lipofectamine RNAiMAX (Invitrogen) were diluted in Opti-MEM (Invitrogen) to a total volume of 2 ml. The diluted siRNA and Lipofectamine RNAiMAX were mixed and incubated at room temperature for 5 minutes to generate the transfection mixture. The cells were washed with Opti-MEM medium, and then the transfection mixture was added to the dish and incubated for 7 hours.
SIRT2-Adenovirus Infection
Replication-deficient recombinant adenovirus vectors containing the SIRT2 gene were purchased from ViraQuest, Inc. (North Liberty, IA). The efficiency of virus infection was 95%, as measured by green fluorescent protein expression. Cells were infected with Ad-CMVeGFP-SIRT2 or Ad-CMVeGFP (multiplicity of infection: 1) in 2% serum a-MEM medium for 24 hours and then cultured in a-MEM containing 10% FBS for another 48 hours. The cells were stimulated with LPS and collected for mRNA and protein analyses.
Cell Extracts, Immunoprecipitation, and Western Blot Analysis
Following transfection of siRNA-targeting SIRT2 or SIRT2-adenovirus, MPT cell extracts were collected. Whole cell extracts were prepared as described previously. 31 MPT cells were collected and resuspended in cell lysis buffer (500 mM HEPES [pH, 7.6], 250 mM NaCl, 0.1% Nonidet P-40, 5mM EDTA) containing protease inhibitors (Sigma-Aldrich). Cell extracts (200 mg protein) were subjected to immunoprecipitation with an anti-MPK1 antibody. The immunoprecipitated proteins were subjected to SDS/PAGE and Western blot analyses were performed as described previously. 31 Kidney tissues were also homogenized and used for Western blot analysis. The primary antibodies against SIRT2 (Abcam, Inc.) and phospho-p65, acetyl-p65, p65 (Cell Signaling Technology, Danvers, MA), JNK1/2 (Santa Cruz Biotechnology), acetyl-lysine antibody (Cell Signaling Technology), phospho-p38, p38 and phospho-JNK1/2 (Cell Signaling Technology) were used.
qRT-PCR Analysis of CCL2 and CXCL2
Total RNA was extracted from MPT cells and kidneys using TRI Reagent (MRC, Cincinnati, OH). After reverse transcription, qRT-PCR was performed using a SYBR Green PCR Master Mix (Applied Biosystems, Carlsbad, CA) on a 7900HT Fast Real-Time RT-PCR System (Applied Biosystems) to measure CCL2 and CXCL2. The PCR program was as follows: 2 minutes at 50°C, 10 minutes at 95°C, then 95°C for 15 seconds, and 60°C for 1 minute for 40 cycles. The average threshold cycle was determined from triplicate reactions and expression levels were normalized to the housekeeping gene, glyceraldehyde 3-phosphate dehydrogenase, as previously described. 31 Table 1 summarizes the primer sequences of mouse CCL2, CXCL2, and glyceraldehyde 3-phosphate dehydrogenase.
Chromatin Immunoprecipitation Assay
The ChIPassay was done using the Simple ChIP Enzymatic Chromatin IP Kit (Magnetic Beads; Cell Signaling Technology) according to manufacturer's instructions. Briefly, SIRT2-siRNA or control-siRNA-transfected MPT cells (1310 7 /ml) were treated with LPS (10 mg/ml) for 1 hour.
Antibody against p65 from Cell Signaling and a negative control, rabbit IgG, were used for the ChIP assay. Inputs consisted of 2% chromatin before immunoprecipitation. qRT-PCR was performed as described above using the following primer sets: for mouse CXCL2 promoter, 59-caacagtgtacttacgcagacg-39 and 59-ctagctgcctgcctcattctac-39 and mouse CCL2 promoter, 59-taccaaattccaacccacagtttc-39 and 59-gagagctggcttcagtgagag-39.
Statistical Analyses
Data are expressed as mean6SD. The t test was used to compare the means of normally distributed continuous variables. Multiple comparisons were examined for significant differences using ANOVA, followed by individual comparisons with the Tukey post hoc test. Statistical significance was set at a P value ,0.05.
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